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Introduction
In RAN1#104-e meeting, significant progress was achieved related to accuracy improvements for UL-AoA positioning [1][2]. This contribution further discusses improving the accuracy of UL-AoA for network-based positioning solutions.

Assistance signalling for UL-AoA measurements
In RAN #104-e meeting, the following agreement was made to facilitate UL-AoA measurements [2]. 
	Agreement:
NR supports at least the following additional assistance signaling from LMF to gNB/TRP to facilitate UL measurements of UL-AoA
· Indication of expected AoA/ZoA value and uncertainty (of the expected AoA/ZoA value) range(s)
· FFS: Details of procedure for providing the assistance
· FFS: Reference angle of expected AoA/ZoA




For supporting above enhancement, LMF needs to determine the expected AoA/ZoA value and its uncertainty before gNB/TRP starts measuring UL-AoA from the UL SRS. DL beam information measured by the UE from the surrounding gNB/TRPs can be used for the LMF to determine the expected AoA/ZoA value and the associated uncertainty. The UE measurement information related to the DL beams may include the SSB index/CSI-RS resource (set) ID/PRS resource (set) ID/ the RSRP/ cell ID.
The following two approaches can be considered for the LMF to obtain UE measurement information related to the DL beam of the surrounding gNB/TRPs:
· Method 1: UE reports the measurement information related to the DL beams of surrounding gNB/TRPs directly to LMF via LPP protocol. With this method, the time delay for the LMF to obtain the information may be small, especially for the case UE initiating the positioning procedure and reporting the measurement information.
· Method 2: UE reports the measurement information related to the DL beams of surrounding gNB/TRPs first to serving gNB, and then the serving gNB forwards the measurement information to LMF via NRPPa protocol. It is worthy to point out that since the measurement information related to the DL beams of surrounding gNB/TRPs can be obtained from RRM measurements, the serving gNB may not specifically request the UE to provide the measurement information, but can obtain the information directly from the RRM measurement report from the UE. 

[bookmark: _GoBack]Proposal 1: Support UE to provide the measurement information related to the DL beams of surrounding gNB/TRPs to LMF. The DL beam information may include the SSB index/CSI-RS resource (set) ID/PRS resource (set) ID /the RSRP /cell ID. 

Proposal 2: Support gNB to provide the measurement information related to the DL beams to LMF. The DL beam information is measured by a UE from surrounding gNB/TRPs and may be obtained from the RRM measurements reported from the UE.

Once the LMF receives the measurement information related to the DL beams of surrounding gNB/TRPs associated with a UE, the LMF may calculate the UE’s approximate position and/or derive the information of expected AoA/ZoA values for these gNB/TRPs.  Figure 1 illustrates an example that LMF calculates the position of a UE, where the UE reports the measured SSB index value 3, 7 and 4 from TRP 1, TRP2 and TRP 3, respectively. With reported SSB indexes and the SSB beam direction information provided by the gNBs/TRPs, LMF can calculate the UE position and the expected UL-AoA together with uncertainty, and then send the expected UL-AoA together with uncertainty to LMF as agreed in RAN1#104-e meeting.


Figure1: UE position calculation with SSB indexes from multiple TRPs

Instead of sending the expected AoA/ZoA values to a gNB/TRP, we may also consider the following alternative for supporting UL-AoA measurements: 
· LMF sends the DL beam information of a gNB/TRP measured by the UE to the gNB/TRP. The measured DL beam information may include the SSB index/CSI-RS resource (set) ID / PRS resource (set) ID and the RSRP measurements measured by the UE from the gNB/TRP.

This option may make the implementation simpler and more flexible. It does not need LMF to calculate the expected UL-AoA together with uncertainty, but simply forward the DL beam information to the gNB/TRP. At the gNB/TRP side, it has its own Tx and Rx beam patterns, and thus, it should be easier and maybe more accurate for gNB/TRP to determine the expected UL-AoA than LMF.

Proposal 3: Support LMF to forward the measurement information related to the DL beams to the surrounding gNB/TRPs instead of sending the estimated expected UL-AoAs. In this case, a surrounding gNB/TRP can use the reported measurement information related to the DL beam to derive the expected UL-AoA and the uncertainty of the expected AoA/ZoA. 

The reporting of the measurement information of the DL beams from a UE to the LMF can be triggered by a request from the LMF, and/or by the UE. For example, when the UE requests the positioning assistance data from LMF, it can report the measured DL beam information obtained from RRM measurement. Alternatively, LMF can request UE/gNB to report the measured DL beam information. When LMF requests the measured DL beam information from UE/gNB, it can inform UE/gNB the requested gNB/TRP IDs.

Proposal 4: The reporting of the measurement information of the DL beams from a UE to the LMF can be triggered by a request from the LMF, and/or by the UE (e.g., when the UE requests the positioning assistance data from LMF).

The expected AoA/ZoA value and uncertainty determined by the LMF for a TRP can be either in the GCS or the LCS of the TRP antenna if LMF has GCS to LCS conversion relationship of the gNB/TRP antenna. Thus, the expected AoA/ZoA value and uncertainty from the LMF to a TRP can be defined either in GCS or LCS.

Proposal 5: The expected AoA/ZoA value and uncertainty (of the expected AoA/ZoA value) range(s) from LMF to a gNB/TRP can either be defined in the GCS or the LCS of the gNB/TRP antenna, if LMF has GCS to LCS conversion relationship of the gNB/TRP antenna. 

Reporting and measurements enhancements
	
Agreement:
· NR supports reporting of M > 1 UL-AOA (AoA/ZoA) measurement values by gNB to the LMF at least for the first arrival path
· FFS: Supporting of UL-AOA measurements for additional paths
· FFS:Supporting of N >= 1 UL-AOA values per path for additional paths
· FFS: Whether the multiple values can correspond to the same time stamp.
· FFS:Further details of measurement and reporting
· Note: The reporting by gNB to the LMF is optional 



According to the above agreement, the reporting of M>1 UL-AoA measurement values for the first arrival path will be supported. In a real system, the signals for different SRS resources of the same UE may arrive at the TRP at the same time. In another word, the M>1 UL-AoA measurement values could be obtained from the same or different SRS resources.
In our opinion, supporting of one UL-AoA measurement per additional path gives the LMF the opportunity to use more advanced algorithms to potentially achieve a higher positioning accuracy. However, the benefits of reporting more than one UL-AoA per path are not clear. So N=1 is preferred. As multiple UL-AoA measurements corresponding to multi-paths could be involved to calculate a UE position using advanced algorithm, these UL-AoA values should be associated with the same time stamp.

Proposal 6: NR supports reporting of M > 1 UL-AoA (AoA/ZoA) measurement values by gNB to the LMF at least for the first arrival path
· Supporting of UL-AoA measurements for additional paths
· Supporting of N = 1 UL-AoA value per path for additional paths
· Supporting  the multiple values correspond to the same time stamp

Calibration with reference UE
The following agreement was made in RAN1#104-e related to the calibration for UL-AoA with reference UE:
	Agreement:
· Study specification impact for enabling a reference device with known location to support the following functionalities:
· Measure DL PRS and report associated measurements (e.g., RSTD, Rx-Tx time difference, RSRP) to the LMF;
· Transmit SRS and enable TRPs to measure and report measurements (e.g., RTOA, Rx-Tx time difference, AOA) associated with the reference device to the LMF;
· FFS: The details of the signalling, the measurements, the parameters related to the Rx and Tx timing delays, AoD and AOA enhancements and measurement calibrations;
· FFS: The report of device location coordinate information to the LMF if the LMF does not have the information
· FFS: The device with the known location being a UE and/or a gNB
· FFS: Precision to which location of reference device is known
· Note: RAN1 assumes using these enhancements for the purpose of network synchronization is NOT within the scope of the WI




We further discuss the method that uses a reference UE with known locations to assist TRP Rx beam calibration in order to enhance UL-AoA measurement accuracy, which was initially discussed in [3]. This method consists of two stages of calibration
· Static calibration: Static calibration can be seen as an initial antenna array calibration, in which a reference UE is placed at test points with known locations in turn, and sends uplink positioning reference signals. Since the reference UE reports its location coordinates to LMF, LMF can calculate actual AoA angle from each test point, which can be used to calibrate AoA measured by TRP.
· Dynamic calibration: After initial calibration, TRP Rx beam direction may be drifted due to the changes of the environment, temperature, etc. For dynamic calibration of antenna array, we may need to use a UE located at a single test point to track the drift of Rx beam directions of the TRPs.

Observation 1: The calibration of UL-AoA by the use of the reference UE may include two stages:
· Static calibration: calibrate static inherent measurement error due to mechanical installation error of TRP antenna array and non-ideal factors of TRP antenna array and RF channels.
· Dynamic calibration: calibrate dynamic drift measurement error due to the changes of the environment, temperature, etc.



Figure 2: Test points for static calibration

In the following we discuss some more details of the static calibration and dynamic calibration approaches, with the parameters of transmitting RF channels for supporting the calibration.
(1) Static calibration
1. 
We construct a testing scenario as shown in Figure.2. N test pointsare uniformly deployed. A reference UE is placed at these test points in turn, and sends the UL SRS-Pos.
2. gNB reports the position coordinates of TRP antenna array to LMF, and UE reports the position coordinates of each test point to LMF. Based on these coordinate values, LMF can get the angle in GCS from reference UE to TRP antenna array at each test point, referred to as actual AoA in GCS.
3. gNB uses TRP antenna array to receive PRS signal from reference UE, and obtains AoA of different test points in LCS. Based on antenna array installation information, gNB transforms the AoA measurement in LCS into AoA measurement in GCS.
4. gNB reports AoA measurements of each different reference UE test point in GCS to LMF.
5. At test points of each reference UE, comparing the actual AoA with the measured AoA, LMF can obtain the AoA deviation in the current actual direction as the static AoA calibration value of the current test point. As shown in Figure 3, the solid line beam represents the actual direction of arrival, and the dotted line beam represents the direction of arrival  measured by gNB. There is an angle deviation of γ between them, which is used as the static AoA calibration value of the current test point position.
6. A specified position is selected from the static calibration phase reference UE test point location which is set as the placement position of the reference UE in the dynamic calibration phase. According to the obtained static angle calibration value, LMF calibrates the static AoA measurement of the specified position, and the static AoA measurement after the calibration of the specified test point is obtained.


Figure 3: Static calibration
(2) Dynamic calibration
In the process of target UE positioning, dynamic calibration is performed
1. In the process of target UE positioning, the AoA of the reference UE at the specified position is measured at the same time. Compared with the static AoA measurement at this position in the static calibration phase, the LMF can get the dynamic AoA measurement deviation as the dynamic AoA calibration.
2. By subtracting the static AoA calibration value and dynamic AoA calibration value, AoA measurement of the target UE can be accurately calibrated.

Proposal 7: For improving UL-AoA estimation accuracy, Rel-17 should support the reference UE to report DL positioning measurements associated with known position coordinates of each calibrated test point to LMF.

[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discuss NR positioning enhancements, and give the following observation and proposals:

Observation 1: The calibration of UL-AoA may include two stages:
· Static calibration: calibrate static inherent measurement error due to mechanical installation error of TRP antenna array and non-ideal factors of TRP antenna array and RF channels.
· Dynamic calibration: calibrate dynamic drift measurement error due to the changes of the environment, temperature, etc.

Proposal 1: Support UE to provide the measurement information related to the DL beams of surrounding gNB/TRPs to LMF. The DL beam information may include the SSB index/CSI-RS resource (set) ID/PRS resource (set) ID /the RSRP /cell ID . 

Proposal 2: Support gNB to provide the measurement information related to the DL beams to LMF. The DL beam information is measured by a UE from surrounding gNB/TRPs and may be obtained from the RRM measurements reported from the UE.

Proposal 3: Support LMF to forward the measurement information related to the DL beams to the surrounding gNB/TRPs instead of sending the estimated expected UL-AoAs. In this case, a surrounding gNB/TRP can use the reported measurement information related to the DL beam to derive the expected UL-AoA and the uncertainty of the expected AoA/ZoA. 

Proposal 4: The reporting of the measurement information of the DL beams from a UE to the LMF can be triggered by a request from the LMF, and/or by the UE (e.g., when the UE requests the positioning assistance data from LMF).

Proposal 5: The expected AoA/ZoA value and uncertainty (of the expected AoA/ZoA value) range(s) from LMF to a gNB/TRP can either be defined in the GCS or the LCS of the gNB/TRP antenna, if LMF has GCS to LCS conversion relationship of the gNB/TRP antenna. 

Proposal 6: NR supports reporting of M > 1 UL-AoA (AoA/ZoA) measurement values by gNB to the LMF at least for the first arrival path
· Supporting of UL-AoA measurements for additional paths
· Supporting of N = 1 UL-AoA value per path for additional paths
· Supporting  the multiple values correspond to the same time stamp

Proposal 7: For improving UL-AoA estimation accuracy, Rel-17 should support the reference UE to report DL positioning measurements associated with known position coordinates of each calibrated test point to LMF.
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